Abstract: Ammonolysis of fatty acids to the corresponding fatty acid amides is efficiently catalysed by Candida antartica lipase (Novozym 435). In the present paper lipase-catalysed synthesis of erucamide by ammonolysis of erucic acid and urea in organic solvent medium was studied and optimal conditions for fatty amides synthesis were estabilished. In this process erucic acid gave 88.74 % pure erucamide after 48 hour and 250 rpm at 60 with 1:4 molar ratio of erucic acid and urea, the organic solvent media is 50 ml tert-butyl alcohol (2-methyl-2-propanol). This process for synthesis is economical as we used urea in place of ammonia or other amidation reactant at atmospheric pressure. The amount of catalyst used is 3 %.
INTRODUCTION
Fatty acid amides are semi-commodities, which are produced in thousand of metric tons a year from the fatty acids by reaction with anhydrous ammonia at 200 and 345 -690 kPa 1) . They are primarily used for their lubricating and surfactant properties. The market for refined fatty acid amides is dominated by the unsaturated fatty amides as oleamide (cis-9-octadcenamide) and erucamide (cis-13-docosenamide), which are used as lubricants in plastic industry 2) . Saturated fatty amides have not widely used in industries. Erucamide has, to great extent, replaced the use of oleamide, because of its higher melting point and higher thermal stability 3) . Erucamide (C 22 H 43 NO; M.W: 337), is a plastic additive used as an anti-slip agent 4) , anti static agent, antifogging agent and as a lubricant. It is also used in printing ink and dyes as a dispersing agent and to improve lubrication, making of high speed printing inks, magnetic ink, typing ribbons, carbon papers and metal decoration. Erucamide along with ethylene-Et acrylate copolymer, hybrar (styrene based thermo plastic elastomer) is used in manufacturing of good crease scratch resistant soft clothes with excellent softness, low noise on bending. Erucamide can also used as foam stabilizer and as an antiseptic agent in sulfonate detergents 4, 5) . Adding erucamide in anti friction coating of photography and sensitive materials can enhance the properties of the material. The low vapour pressure and less volatility of erucamide makes suitable for high-temperature processing. Erucamide is generally considered to impart moderate anti-blocking properties of films and, as such, it reduces the phenomenon of blocking which is the tendency of adjacent layers of film to adhere together causing an impediment of easy separation 6) . The chemical stability of erucamide also translates in to lower status of oxidation, rancidification and colour formation during product storage 2, 7) . Erucamide is an amide of erucic acid. Erucic acid is monounsaturated acid having melting point 33-34 and boiling point 169-170 at 1 mm pressure. Erucic acid occurs in seed in the form of glycerides. The chief source of erucic acid is rapeseed mustard (Rap-Mus). Rap-Mus is one of the most economically imparted oilseed crops in India significantly, it contains low amount of saturated fatty acid (FA), which form deposits in arteries, but comprises of both the essential FA to the human body i.e. linoleic and linolenic acid. The major FA present in rapeseed mustard oil is erucic acid (40-45%). High Erucic Acid Rapeseed oil (HEAR oil) has immense of industrial utilization, where as Low Erucic Acid Rapeseed oil (LEAR oil) is recommended for food purpose 2, 8, 9) . Erucamide is generally prepared by ammonolysis of erucic acid with ammonia at below 200 and high pressure. Some enzymatic synthesis of fatty amides from ammonia saturated solution are also reported .But in our experi-N.P. Awasthi and R.P. Singh ment, we have taken urea in place of ammonia or other amidation reactant at 60 with Candida antartica lipase (Novozym 435) and at atmospheric pressure to reduce cost of erucamide.
EXPERIMENTAL

1
All the chemicals used for synthesis and analysis; urea (melting point: 132.5 ), chloroform, n-hexane, ethanol, tert-butyl alcohol and aceto nitrile were of analytical grade and obtained from Qualigens and S.D. Fine Chemicals Ltd. Mumbai, India. Erucic acid is obtained from VVF Pvt. Ltd., Mumbai, India. Novozym 435 was kindly donated by Novo Nordisk A/S (Begsvaerd, Denmark). Analysis of erucic acid is given below:
Novozym 435 was kindly donated by Novo Nordisk A/S (Begsvaerd, Denmark).
2
The preparation of erucamide was performed in 250ml single-necked conical flask in orbital-shaker at 60 with 250 rpm. The temperature and rpm was controlled automatically. Erucic acid [16.9g (50 mmol)] was mixed with 12.0 g (200 mmol) of urea and Novozym 435 (510 mg) in 50 ml tert-butyl alcohol (2-methyl-2-propanol). The experiments were carried out in 250 ml flasks shaken by a orbital shaker (at 250 rpm) at 60 for 48 hr. Before placing the conical flask in orbital shaker, the temperature was maintained by fixing the automatic digital temperature control, the molar ratio and other parameters were varied as given in tables. During the course of reaction samples were withdrawn at different intervals of time and acid value (AV) was checked. The progress of the reaction was confirmed by determining the AV of reaction mixture. At the end of each batch reaction, the enzyme was removed by filtration and the solvent was evaporated; the residue was washed with water and dried. Finally the product from the reaction was subjected to solvent extraction with chloroform and than followed by purification with n-hexane, ethanol and acito nitrile 10) . The reaction of urea and fatty acid is given below,
3
The raw materials used in the preparation of Erucamide viz. Erucic acid, urea and catalyst (Novozym 435) were analyzed for their physical and chemical characteristics to asses their purity and stability, the results of analysis are depicted in the . Acid value was done as per AOCS Method (Cd 3a-63); the composition of the erucamide was confirmed by FTIR spectra and 1 H NMR, 13 C NMR spectra. FTIR spectra were recorded with KBr pellet, 1 H NMR; 13 C NMR spectra were recorded in CDCl 3 with TMS as internal standard using VXR-400S spectrometer.
RESULTS AND DISCUSSION
Erucamide was prepared by taking different molar ratios of erucic acid and Urea. The effect of molar ratio is shown in the . Further we optimized the reaction time by varying the reaction time from 6 hour to 48 hour. The effect of reaction time is given in the , from this table it is clear that 48 hour is the suitable time, further increase in time was not advantageous. Thus time of 48 hour is optimum at atmospheric pressure. The effect of effect of rpm with a molar ratio of 1:4, at 60 and reaction time 6 hour as at 100, 150, 200, 250 & 300 rpm, acid value of reaction mixture was 101.59, 89.57, 78.39, 67.13 & 67.06 respectively, it is clear that the 250 rpm is the best condition for synthesis. In the synthesis, catalyst plays an important role, so we optimized the percentage of catalyst on the basis of given variations in % of catalyst, which is given in the . On the basis of above results, molar ratio of erucic acid and urea as 1:4 was considered optimum. The reaction time of 48 hour gave the maximum conversion of acid to amide. Time beyond the 48 hour gives no extra yield.
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The identification of erucamide was confirmed by the presence of characteristic band combination of -NH 2 , -C = O, -CH 2 , -C = C groups in their spectra. A band corresponding to C = C appear at 1650 cm -1 . A broad band near 3310, 2849 and 1690 cm -1 showed the presence of -NH 2 group, methyl group and C = O linkages in the product. The IR spectra of prepared sample were also match with standard spectra of erucamide.
CONCLUSIONS
After checking the finally produced erucamide's characteristics and composition, it was clear that at 60 temperature, 1:4 molar ratio of erucic acid to urea and a catalyst (Novozym 435) concentration of 3% (by wt. of fatty acid) were the best suitable conditions for production of erucamide for erucic acid and can obtain a maximum yield of 88.74 % of erucamide.
Based on the above study, erucamide produced by enzymatic route from erucic acid and urea is very economic because urea is very cheap as compared to other amidation reactant and reaction performed at only 60 .
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